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Abstract
The aim of this study was to assess risk factors associated with low levels of HIV testing
among MSM recruited through respondent driven sampling (RDS) in Brazil. Of 3,617 partici-
pants, 48.4% had never tested previously for HIV. A logistic model indicated that younger
age, lower socioeconomic class, education, poor HIV/AIDS knowledge, no history of cruis-
ing, and having been tested during the study were characteristics independently associated
with low levels of previous HIV testing. The HIV testing rate among MSM in Brazil is still low
in spite of the availability of a large number services providing universal and free access to
HIV/AIDS diagnosis and treatment. To respond to low utilization, the authors propose a
higher priority for testing for key populations such as MSM, expanded education, expanding
testing sites and a welcoming and nonjudgmental environment in health services.
Introduction
Despite preventive measures widely available to reduce the spread of HIV infection and other
sexually transmitted infections (STIs) among men who have sex with men (MSM), this popula-
tion continues to be disproportionately affected by HIV in countries with higher [1–4] and
medium to low Gross Domestic Product (GDP)[5, 6]. In the United States (U.S.), in 2010,
MSM accounted for 78% of newly diagnosed cases of HIV among men 13 years of age and
older, and constituted 61% of all those testing positive receiving a diagnosis of HIV (CDC,
2011). Also in the U.S., in a sample of 6,672 men of unknown serological status undergoing
testing, the risk of men reporting male-male sex was ten times greater than that of men who
did not have sex with men [7]. In Brazil, Barbosa et al. [8] found an AIDS incidence rate
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thirteen times higher among MSM than among heterosexual men. A study carried out in the
Southeast region [9] showed that 7% of MSM were infected with HIV while Kerr et al. [10]
found a prevalence of HIV among MSM of 5.2 to 23.7% in ten Brazilian cities, with an overall
prevalence (14.2%) two to three times greater than that estimated for female sex workers and
drug users in these same cities [11].
HIV infection risk among MSM involves multiple factors, including lack of knowledge of
serological status [12, 13]. The promotion of HIV testing has been a key element in HIV
transmission prevention strategies; especially among populations most at risk for STIs, such
as MSM, sex workers and drug users. Studies have shown that many MSM, including gays
and bisexuals, are unaware of their serological status, and many likewise have no knowledge
of the serological status of their partner [1, 4, 14]. Studies conducted in developed countries
show that the proportion of MSM never testing is generally below 30% [3, 15–19], while in
some countries in Latin America, Africa and Asia the figure for never testing is 40% or higher
[20–25].
Even though Brazil has one of the most successful AIDS programs in the world, including
universal free access to HIV testing within the public health system, there are no population-
based studies of testing among MSM. Although there has been an increase in the proportion
testing from 20.2%, in 1998, to 33.6%, in 2005, men with less schooling and those who live in
less socio-economically developed regions of the country were less likely to be tested [26]. Data
from the Brazilian Ministry of Health indicates that among the estimated 630,000 HIV positive
population nationwide, 255,000 have never been tested [27].
Characteristics associated with not testing reported in several studies in the United States
include a low level of knowledge of the risk of individual infection by HIV, fear of knowing the
result of the test and youth [28–31]. Non-white MSM are more likely to not test for HIV com-
pared to white men [31]. Lack of access to free testing and other structural barriers, such as
lack of transportation, not knowing where to test, cultural barriers, and concerns regarding the
confidentiality of the HIV test have also been cited as reasons for not testing in China [25]. On
the other hand, factors associated with testing at least once includes having exclusively male
partners, having had a diagnosis of an STI, having more sexual partners, having a gay or homo-
sexual identity, and being aware of the risk of infection [28, 32, 33].
Lack of knowledge of serological status has negative consequences in the control of the HIV
epidemic, from the point of view of both prevention and treatment. Early initiation of antire-
troviral therapy—a potential consequence of enhanced testing—has shown to reduce rates of
sexual transmission of HIV-1 and clinical events, indicating both individual and public health
benefits from such therapy [34]. It is estimated that new HIV infections could be reduced by
30% per year, if all infected individuals were aware of their serological status and acted appro-
priately on it [35]. In view of the paucity of Brazilian studies regarding HIV testing among
MSM, this study aims to estimate the magnitude of never testing for HIV and factors associated
with not testing among MSM in Brazil. We anticipate that lower socioeconomic status and risk
behaviors are associated with lack of testing.
Methods
Type of study, population and data collection procedures
Data were collected as part of a cross-sectional National Multicenter Study among MSM con-
ducted in ten Brazilian cities between October 2008 and June 2009. The population included
men reporting male-male sex, and excluded transwomen (travesti). The study was approved by
the Brazil National Ethical Research Committee (CONEP # 14494). Participants signed two
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separate consent forms: one to participate in the questionnaire component of the survey, and
one to agree to test and to report results for use in the study.
Participants were 18 years of age or older and resident in Manaus, Recife, Salvador, Belo
Horizonte, Rio de Janeiro, Santos, Curitiba, Itajaí, Brasília or Campo Grande. The cities were
selected by the Ministry of Health, who funded this study. There are multiple reasons for
choosing these cities, but one reason was the assumption of large populations of MSM living in
these cities. Additionally, each region of the country was represented by at least one city. Partic-
ipants were eligible if they reported at least one sexual contact with another man in the twelve
months prior to the interview. The sample was recruited utilizing Respondent Driven Sampling
(RDS)[36, 37] and main findings of the overall study have been reported in Kerr et al. [10].
RDS is a chain link sampling method that begins with a convenience sample of members of the
target population called ‘seeds’. Seeds recruit a prespecified number of recruits. These respon-
dents in turn recruit new participants. With some assumptions, this method produces recruit-
ment chains that, when long enough, are much less dependent on the purposively selected
seeds. The personal social network size of respondents is used to weight the influence of net-
work size and differential recruitment. RDS is widely used as an HIV surveillance-sampling
method [38] and has been recommended by the Centers for Disease Control and Prevention
[39]and by Brazil Department of STIs, AIDS and Viral Hepatitis [40] for hidden, hard-to-
reach, and HIV high-risk populations. Network size, waves, homophily and wave to achieve
equilibrium by city can be found in Tables A and B in S1 Appendix. The dataset can be found
in S2 Appendix. The file contains a workbook with the data formatted for RDSAT and a data
dictionary.
A face-to-face questionnaire that included questions concerning socio-demographic fac-
tors, sexual behavior, drug use, social context, network of contacts, healthcare, access to con-
doms, previous HIV and syphilis testing and information on STIs was applied. The interview
was followed by separately consented rapid tests for HIV and syphilis. A total of 3,959 men
over 18 years of age were recruited in the 10 sites (range 274 in Belo Horizonte to 848 in
Manaus). Time of recruitment varied from 20 to 34 weeks. This study was initiated with six
seeds representing different age and social class in each municipality identified in formative
research conducted in each city. Additional seeds were added if recruitment slowed. A total of
140 seeds were utilized across the sites, varying from 7 seeds in Campo Grande to 32 in Curi-
tiba. Each participant received three coupons to invite participants to the study. This process
was repeated until the study reached the desired sample size. Participants received a primary
incentive of R$ (Brazilian Real) 15.00 (US$ 10.00) and an incentive of R$(Brazilian Real)
10.00 (US$ 6.67) for each of their recruits who completed the survey. Sites selected were all
health units of City Health Departments. Surveys included 12–20 waves of data collection in
each site. A single participant refused to participate and 3–50 recruits, depending on the city,
were considered ineligible upon arrival at the sites. Analysis used RDSAT 5.6 to adjust values
for size of social network and recruitment. Readers with additional interest in RDS are
referred to a previous publication [10] and to the on-line appendix to this paper: Details of
RDS in the Multicenter study 2008–2009.
Outcome and exposure measures
For the purpose of this analysis, the outcome of interest was lifetime HIV testing prior to the
study. Those respondents who reported never testing prior to the study were compared to
those with at least one prior HIV test. The explanatory variables were arranged in three mod-
ules. Module 1 included age, race, marital status, schooling, and current employment. Module
2 included variables related to sexual orientation, sexual identity, family acceptance of sexual
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status, sex of the first sexual partner, age at sexual debut, number of casual partners in the past
year, number of sexual partners in the past six months, consumption of alcoholic beverages,
use of crack and consumption of marijuana in the past six months. Module 3 consisted of char-
acteristics related to knowledge of HIV transmission and testing: self-perception of risk, correct
knowledge of transmission, and testing during the interview. Knowledge of transmission was
assessed using nine questions and respondents were scored as low, average or high knowledge
when they responded correctly to less than 4, 5 or 6, and 7 or more correct responses, respec-
tively. Economic status was measured using standard Brazilian criteria published by the Brazil-
ian Association of Research Companies (ABEP)[41]. The widely used criteria include wealth
measures and education of household head, and are modified annually. “A” constitutes the
highest social class, while “E” the lowest. We used criteria from 2008.
Statistical Analysis
Data from each survey were weighted by the inverse probability of individual selection, propor-
tional to the size of the social network reported by each respondent and the proportional size
of the MSM population in each municipality [42]. The size of the MSM population had been
previously estimated in a national survey [8].
The analysis of association with the outcome of interest used Pearson’s chi-squared test
with the level of significance set to 0.05. Weighted estimates and prevalence ratio with their
respective confidence intervals set to 95% were obtained using the complex sampling model for
stratified sampling (stratum = city) using Stata 11.0. The magnitude of the associations was cal-
culated using the weighted odds ratio (WOR) with a confidence interval of 95%. Weighted
multivariate logistic regression was used to assess the effect of potentially explanatory indepen-
dent variables. The multivariate logistic regression modeling only included variables that were
found significant at the level of p<0.10. While p<0.25 is frequently recommended for variable
selection, at this level a very large number of variables are selected, and many demonstrate mul-
ticollinearity. Only those variables with a statistical significance level of p<0.05 were retained
in the final model.
Results
Characteristics of participants
Of the 3,859 participants recruited, 3,617 (93.7%) provided information about prior testing. Of
these, 1,715 (48.4%; 95% CI, 45.1–51.8%) had never been previously tested for HIV. Partici-
pants were mostly young, of mixed race (57.6%), single (84.4%), with a low level of education,
unemployed, and living on a monthly income of less than one Brazilian minimum wage (R$
500 = US$275). Most self-identified themselves as gay or homosexual (63.1%), but more than
half reported feeling attracted to both sexes. Half of the participants reported a woman as their
first sexual partner and most used a condom (69.7%) during their sexual debut. About half of
the participants reported discrimination from their family because of their sexual orientation
and most had a medium to high level of knowledge of HIV transmission. At the same time, a
high proportion (69.0%) considered their own chance of becoming infected as low or zero.
Most of the participants reported more than three casual partners in the past year; more than
half reported using a condom during all sexual relations with commercial male partners during
the past year, while less than 40% reported using a condom with casual female partners. Half of
the participants reported having been subjected to some kind of sexual violence.
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Univariate and multivariate analysis
Univariate analysis is shown in Table 1. The proportion of participants who never tested was
significantly higher among younger, non-white men with lower levels of schooling, from lower
social classes, and who were unemployed or living on a low income. Those who reported
attraction towards men and women, had a bisexual and/or heterosexual identity, had a woman
as their first sexual partner, were older than fifteen years at their sexual debut, had fewer sexual
partners in the past year, not having sought sexual partners at cruising sites (bars, discos, sau-
nas, pornographic movie theatres) in the past year, not having been exposed to sexual violence
or not having been forced to have male-male sexual relations against their will were found
more likely to have never been tested. Of the Module 3 variables, those that were significantly
associated with never testing for HIV were low levels of knowledge of the modes of transmis-
sion of HIV, not feeling at risk of infection, and agreeing to be tested during the study.
The results of the weighted multivariate logistic regression are presented in Table 2. The
number of valid observations in the multidimensional model was 3,591. The final adjusted
regression model can generate estimates for the outcome variable. Comparing the model to the
actual outcomes, the adjusted model was 71.1% accurate, with a sensitivity of 70.4% and a spec-
ificity of 71.7%. The final model shows that not having tested for HIV test was associated
(p< 0.05) with lower age (OR = 5.29, 1.64 and 1.2 for those less than<20, 20–29 and 30–39
years old, respectively); lower social class (OR = 2.87 and 2.21 for classes D/E and C, respec-
tively); lower level of education (OR = 1.61 and 1.30 for less than 8 years and 9 to 12 years,
respectively); feeling sexual attraction for both men and women (OR = 1.74); having sought
out sexual partners at cruising locations (OR = 1.86); not having suffered sexual violence
(OR = 1.87); lower level of knowledge about HIV transmission and HIV testing (OR = 2.78
and 1.47 for low and medium levels, respectively); and agreeing to test during the study
(OR = 3.17).
Discussion
Our results demonstrate that a high proportion (48.4%; 95% CI: 45.1–51.8) of Brazilian MSM
in the study had never tested for HIV prior to the study. Rates are higher, though, than in coun-
tries where the issues of stigma, discrimination and, in some cases, the criminalization of
homosexuality pose significant obstacles to testing, including several African countries [43],
[44], [6] and other Latin American and Asian countries [45–48]. In most of these countries,
researchers argue that lack of behavior change communication and other programs to promote
prevention and early treatment, low quality of programs directed at and poor coverage for
MSM, and limited surveillance systems also contribute to a low testing rate[49]. Inversely, in
countries that have adopted strategies to promote testing, such as Cuba [50], Italy, Australia
and Canada [18], the United Kingdom [16] and the United States [2, 3], the proportion of
MSM never testing is low.
Despite differences in the magnitude of never testing, compared with countries with epide-
miological patterns similar to Brazil, factors statistically associated with the lack of HIV testing
are similar to those reported in the literature [2, 3, 16, 18, 50]. The higher proportion of never
testing among younger age groups is corroborated by several authors [30, 31, 51]. Our results
are also similar to other studies with regard to knowledge of the modes of HIV transmission:
the lower the level of knowledge concerning HIV prevention the greater the likelihood that
MSM do not test [51, 52]. Studies have also shown that a low level of perception of the risk of
HIV infection is associated with not testing [25].
The finding that individuals who had never tested prior to the study were three times more
likely to voluntarily take an HIV test compared to those MSM who admitted having tested as
HIV Testing among MSM in Brazil
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Table 1. Univariate analysis of never testing for HIV amongMSM in Brazil, 2009.
Group / variables Total No-HIV Testing Odds Ratio (95%%CI) p-value
(N = 3,617) n(crude) %(weighted)
SOCIO-DEMOGRAPHIC
Age (years):
 20 904 642 71.6 4.05 (2.52; 6.52) <0.001
21–29 1552 700 46.7 1.4 (0.92; 2.13)
30–39 734 244 40.6 1.09 (0.67; 1.78)
 40 413 124 38.4 1.0
Skin Color/Race:
Non-white 2625 1354 52.0 1.74 (1.26; 2.42) 0.001
White 990 361 38.2 1.0
Marital status:
Single/Widow/Divorced 3011 1476 49.7 1.38 (0.94; 2.0) 0.092
Married (M or F partner) 605 239 41.8 1.0
Schooling (years):
 8 1068 640 58.9 3.84 (2.64; 5.59) <0.001
09–12 1594 819 48.9 2.57 (1.81; 3.66)
 13 940 250 27.1 1.0
Social class (criteria Brazil)
A/B 1007 312 26.4 1.0 <0.001
C 1815 951 50.9 2.89 (2.11; 3.97)
D/E 794 451 59.4 4.08 (2.81; 5.94)
Individual income (in Brazilian Real1)
None 732 486 58.4 6.18 (3.2; 11.94) <0.001
R$ 100–< R$ 500 1042 591 58.9 6.29 (3.44; 11.50)
R$ 500–999 1122 481 46.3 3.79 (2.06; 7.00)
R$ 1000–1999 463 116 21.9 1.23 (0.62; 2.46)
 R$ 2000 231 40 18.5 1.0
Currently working
Yes 1454 567 37.0 1.0 <0.001
No 2032 1071 53.6 1.96 (1.49; 2.59)
SEXUAL AND SOCIAL BEHAVIOR
Sexual attraction to
Only Men 1747 627 36.7 1.0 <0.001
Both (women and men) 1870 1088 56.9 2.28 (1.72; 3.0)
Use of marijuana (Last 6 months)
No 2528 1155 47.4 1.0 0.341
 once a week 603 288 47.7 1.01 (0.69; 1.46)
 twice a week 474 266 54.8 1.34 (0.89; 2.01)
Suffered any violence (verbal / physical/sexual)
No 1693 888 55.6 1.75 (1.34; 2.3) <0.001
Yes 1918 825 41.6 1.0
Suffered verbal abuse due to sexual orientation
No 1948 1002 54.0 1.66 (1.26; 2.18) <0.001
Yes 1663 711 41.4 1.0
Physical violence due to sexual orientation
No 3064 1475 49.3 1.23 (0.85; 1.78) 0.264
Yes 547 238 44.1 1.0
(Continued)
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least once may indicate a low refusal rate for voluntary testing when the HIV test is provided in
the circumstances of a special study. Some studies have shown that not knowing where to test
and fear of the consequences of testing positive are two of the main reasons cited for not testing
[16, 20, 23, 25]. On the other hand, it is likely that people who have recently tested—especially
if they are seropositive—may not wish to repeat the experience. In terms of sexual behavior, an
association was found between “feeling sexually attracted towards men and women” and never
having taken an HIV test. These individuals are more than twice as likely not to have been
tested as compared to those who are attracted only to men. This may be related to a higher
level of internalization of negative views regarding homosexuality among bisexuals, which, as
shown by other studies is associated with lower access to STD services and HIV testing [53].
Inversely, the finding that there is an association between sexual violence and testing may sug-
gest that sexual violence induces individuals to seek HIV testing.
There is a worldwide tendency towards increased HIV testing, especially among the popula-
tions most at risk of HIV infection. In most developed countries, since the mid-1990s, one of
the main components of HIV-prevention policy has been to increase the number of HIV-
infected individuals who are aware of their serostatus [16]. The World Health Organization
(2011) recommends that all MSM take at least one HIV test per year, and that those MSM who
have multiple or anonymous partners, those who take illegal drugs, or those whose partners
participate in such activities, should test with a greater frequency of every 3 or 6 months.
In Brazil, it has been more than twenty years since the implementation of a national system
of Voluntary Counseling and Testing (VCT) in clinics and specialized centers. These centers
are designed to promote access to free, confidential, anonymous and rapid HIV testing, espe-
cially for populations at greater risk of exposure to HIV (MSM, sex workers and drugs users)
and, in collaboration with other health services, to refer individuals receiving a positive diagno-
sis. However, studies have shown that VCT have significant limitations in terms of quality of
diagnostic services and in promoting prevention measures [54, 55], and the performance of
individual VCTs vary greatly. These studies have identified difficulties in linking VCT with the
broader health care network, including shortcomings in referral and counter-referral and low
productivity, with few HIV tests being conducted in relation to the installed capacity, especially
Table 1. (Continued)
Group / variables Total No-HIV Testing Odds Ratio (95%%CI) p-value
(N = 3,617) n(crude) %(weighted)
Suffered sexual violence
No 3028 1505 51.1 1.97 (1.34; 2.88) <0.001
Yes 583 208 34.7 1.0
KNOWLEDGE AND RISK PERCEPTION
Knowledge about HIV transmission and HIV test
Low (0–4) 415 306 73.3 5.07 (3.1; 8.29) <0.001
Medium (5–6) 1759 888 51.5 1.95 (1.45; 2.64)
High (7–9) 1435 515 35.2 1.0
HIV risk self-perception
No risk 1020 580 58.7 1.62 (1.16; 2.26) 0.021
Low risk 1475 698 46.7 1.0
High risk 969 437 51.0 1.19 (0.85; 1.67)
HIV test during the study
No 420 106 23.3 1.0 <0.001
Yes 3197 1609 50.4 3.34 (2.2; 5.1)
doi:10.1371/journal.pone.0130445.t001
HIV Testing among MSM in Brazil
PLOS ONE | DOI:10.1371/journal.pone.0130445 June 22, 2015 7 / 13
among MSM. The findings of the present study regarding the high percentage of MSM not test-
ing corroborate this evaluation of the performance of the VCT.
In view of estimates that the incidence of new infections continues to be greater among the
most vulnerable groups and the fact that members of these groups are probably unaware of
their HIV status, the Brazilian Ministry of Health launched the “Fique sabendo+” (Be Aware +)
campaign in 2008, attempting to increase HIV testing (51). Artists and other opinion leaders
are key figures in the campaign to encourage regular testing and to reduce prejudice towards
persons living with HIV/AIDS.
Although broader provision of testing is one of the priorities of the Brazilian National Pro-
gram to combat AIDS, and efforts to integrate testing and promotion of testing at all levels of
the health service have been effective [56], efforts to date do not appear to have overcome resis-
tance to testing. Although efforts to promote testing should be redoubled, it is disappointing to
note that the recent National Plan to combat the AIDS epidemic and STDs among Gays, other
MSM and Transwomen, does not mention testing as a prevention strategy in any of its nine
guidelines.
Table 2. Multivariate analysis (final model) of never testing for HIV among MSM in Brazil, 2009.
Variables Odds ratio 95% IC p-value
Age (years old)
 20 5.29 (3.21; 8.71) <0.001
21–29 1.64 (1.05; 2.56)
30–39 1.20 (0.72; 2.00)
 40 1.0
Schooling (years)
 8 1.61 (1.01; 2.57) 0.05
9–12 1.30 (0.87; 1.95)
 13 1.0
Social class
A/B (higher) 1.0 <0.001
C 2.88 (1.77; 4.67)
D/E (lower) 2.22 (1.51; 3.28)
Sexual attraction to
Men only 1.0 <0.001
Women and men 1.74 (1.29; 2.35)
Cruising (last month)
No 1.00 <0.001
Yes 1.87 (1.35; 2.58)
Suffered Sexual violence
No 1.87 (1.24; 2.82) 0.003
Yes 1.0
Knowledge about HIV transmission and HIV testing
None/low (0–4) 2.79 (1.61; 4.81) 0.001
Medium (5–6) 1.47 (1.07; 2.04)
High (7–9) 1.0
HIV test during the study
No 1.0 <0.001
Yes 3.17 (2.00; 5.02)
doi:10.1371/journal.pone.0130445.t002
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There are limitations to our study: the cross-sectional research design does not allow infer-
ence of causality, and RDS and especially RDS in ten Brazilian cities, require some strong
assumptions for interpretation, including combining values from the 10 cities, adjusting for
estimated proportions of MSM, and estimation methods to adjust for biases in RDS, a chain-
link sampling method. Another potential limitation is that the study is dated, based on a survey
conducted in 2008–2009, and there have been changes to expand testing in Brazil since that
time. However, we still feel that publication at this time is warranted. Many HIV-related indi-
cators point in the wrong direction: HIV seropositivity is increasing among conscripts to the
military and among MSM, and AIDS cases are increasing among young MSM as well [11].
This may be related to changing policies introduced by the government under pressure from
religious leaders that prohibited prevention programs from addressing MSM and female sex
workers, and defunding the NGOs that played such as important role in Brazil’s response to
AIDS in these key populations.
Despite these limitations, in the aggregate or by city, the proportion of MSM who never
tested is striking. Testing levels are lowest among those who are younger, of lower socioeco-
nomic class, have low levels of education and have poor HIV/AIDS knowledge. Efforts to over-
come barriers to testing are not reaching this population as they should. In view of the existing
large network of health services providing universal and free access to treatment in Brazil, this
low level is difficult to understand. Underutilization may be due to the number and availability
of providers, including the policy of limiting testing to VCT centers. Limiting testing to VCT
or selected health services, without considering alternative sites such as NGOs, does not appear
to be a reasonable public health policy given the receptiveness to testing in our study. While
access for testing, including in primary health services and hospitals has been expanded [56],
other sites, such as NGOs targeting key populations in the epidemic such as MSMmight be
emphasized. To the extent that integration of HIV testing and counseling services in primary
care has not been a success, programs might consider ways to make these services more tar-
geted to the specific key populations most at risk from HIV.
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